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350 STRUCTURE AND USE OF THE MCCABE CODE

The MCCABE code was written for use on an interactive, time-share computer system.
The code itself consists of four separate subprograms, each of which can be run separate-

ly. Briefly, these subprograms accomplish the following:

1. FLUXPAK concerns itself with the incident x-ray spectrum and looking up the ap-

propriate photon attenuation coefficients as a function of this energy spectrum.

2. ATTINPAK calculates the photon attenuation of the incident spectrum until it

reaches conductor/dielectric interfaces.
3. CIRCLES calculates the capacitance matrix and solves Laplace's equation.

4., DRIVPAK calculates the electron deposition in the dielectric, and the appropri-

ate Laplace equation solutions to obtain the Norton equivalent drivers.,

Needless to say, all these subprograms are communicating with each other in a com-
plicated way. Fig. 3.1 gives a flowchart of input and output between the user and the
various subprograms. Table 3.1 lists the information contained in each input/output

file.

Because of the complicated communication between subprograms we have written the
MCHELP code which handles input and program control without the user having to think too

much about it. MCHELP is a user-oriented code which interrogates the user and then per-

forms two functions:

1. It constructs all necessary input files from user-supplied data on the cable

geometry and x-ray environment,
2, It sets up a job control file for running the various subprograms.

Fig. 3.2 gives an example of a session between user and MCHELP for the case of a simple
coax. The explanatory text provided by MCHELP identifies the variables, and their units,
as required by MCCABE. The job file (TAPE44) assumes that the various input files (TAPES,
TAPE3, TAPE15) have been given arbitrary file names and stored in memory. Furthermore,
it is assumed that relocatable binary versions of FLUXPAK, ATTNPAK, CIRCLES, and DRIVPAK
have been stored under the names BFLUX, BATTN, BCIRCL, and BDRIV, respectively. Fig.3.3
gives the job file produced during the session shown in Fig. 3.2. The output, of this
MCCABE run is shown in Fig. 3.4. This problem required 12 CPU seconds on a CDC 6600.
Fig. 3.5 lists the input files for a sample three-wire multiconductor cable as produced
by MCHELP. Fig. 3.6 gives the output of the CIRCLES and DRIVPAK subprograms of MCCABE
which contains the calculated capacitance matrix and Norton drivers. This problem re-

quired 87 CPU seconds.
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Table 3.1 Data files used with MCCABE.
Name Use
TAPES5 input of X-ray spectrum and of cable materials description
TAPE3 input of cable geometry
TAPE15 input to control Laplace equation solution
TAPE6 output of photon cross sections
TAPE4 output of attenuated photon flux at interfaces
TAPE16 output of checks on coefficients of the potential expansion
and capacitance matrix calculation
TAPE24 output of electron transport and Norton driver calculation
TAPE8=NSTAB photon cross section data for FLUXPAK (binary)
TAPE9 photon cross sections selected for ATTNPAK
TAPE27=DELMAC photo~Compton current data from QUICKE2 for DRIVPAK g
TAPELO photon flux at conductor/dielectric interface for DRIVPAK
TAPE12 coefficients of potential expansions for DRIVPAK
|
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—P TAPES —P
FLUXPAK |1 TAPES6 TO OUTPUT j
TAPE8=NSTAB g
MCHELP ¢ 4
(SETS UP
INPUT
FILES, TARES
TAPES,
TAPE3, i
TAPE15)
—> TAPE3 —Pp1 ATTNPAK |—¥] TAPE4 TO OUTPUT
f
—P] TAPEIS —»] CIRCLES —»{ TAPE16 TO OUTPUT
e
TAPE12
TAPE10
TAPE27=DELMAC ¥ DRIVPAK |—P]TAPE26 TO OUTPUT
Figure 3.1 Flow-chart of input/output communication among subroutines in MCCABE.
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HCHELP 8/3/77

THIS CODE SETS UP INPUT INFO FOR THE MCCABE CODE
THE INFO REQUIRED IS DIVIDED INTO 2 PARTS:

CABLE GEOMETRY AND SPECTRUM

EXECUTION INSTRUCTIONS

THE OUTPUT OF THIS CODE IS A PERFORM FILE(TAPE44)
AND VARIOUS FILES WHICH MAY BE SAVED

CABLE GEOMETRY AND SPECTRUM

INPUT INFO WHICH YOU GIVE SHOULD FOLLOW
NAMELIST RULES
E UITH END OF ENTRY INDICATED BY $
IF YOU HAVE INFO IN PERN STORAGE
PROVIDE DUMMY INFO OR NONE AT ALL

DO YOU WANT TO CONSTRUCT TAPES
FOR FLUXPAK? (1=YES,0=NO)
AN

PHOTON1 NAMELIST

FLUX=FLUX IN CAL/CH2SEC

NMIX= NUMBER OF DISTINCT MATERIALS(MAX=10)

N= NUMBER OF PHOTON ENERGIES (MAX=50)
EPHOT(I),1=1,N ARE PHOTON ENERGIES(KEV)
U€I),I=1,N ARE UNNORM. ENERGY SPECTRA(/KEV)

IF EQUALLY SPACED ENTER EPHDT(1) AND EPHOT(N) ONLY
XKT IS BB TEMP IN KEV(IGNORED IF NOT ENTERED)
PHI IS ANGLE(DEGREES) BETWEEN SHIELD NORMAL
PROJECTED IN PLANE OF INCIDENT RADIATION

AND DIRECTION OF INCIDENT RABIATION (<90 DEG)
IPRT=NONZERD GIVES LONG PRINT

$PHOTON1
7 FLUX=1,N=1,EPHOT=50,U=1,NNIX=4$
YOU WILL BE ASKED FOR 4 Note:
MIXTURE NANELIST Dielectric type Label No.
FOR EACH NATERIAL(OF UP TO 10 CONPONENTS): water 901
THE ORDER OF ENTRY DOES NOT MATTER teflon 902
BUT THE NATERIAL LABEL INDEX PVC 903
VHICH FOLLOWS LATER IN THE INPUT CORRESPONDS Mylar 904
T0 THIS ORDER OF ENTRY Eapton 905
ZA= 7 NUMBERS(IN ORDER OF INCREASING 2) Halar 906
UT= WEIGHT FRACTIONS Kel-F 907

AT=ATONIC WEIGHT
DENSITY=DENSITY(G/CN3)
12DN=Z NO. OF ELEMENT OR LABEL NO. IN DELMAC TABLE

Figure 3.2 Terminal printout from MCHELP for a simple coax.

26




$NIXTURE
? 2A=29,AT=63.54,UT=1,DENSITY=8.9,1ZIM=29¢
$NIXTURE
2A=6,9,AT=12.01,19.,WT=.24,.76,DENSITY=2.2, IZDM=902¢
$MIXTURE
? 2A=50,AT=118.7,UT=1,DENSITY=7.2,17DN=50¢

$HIXTURE

]

? 2A=47,AT=107.9,UT=1,DENSITY=10.5,1ZDN=47% INPUT TO CIRCLES AND TAPE1S CONSTRUCTION

MOST INFUT WAS GIVEN IN ATTNPAK FOR CIRCLES

TAPES HAS BEEN CONSTRUCTED

FPERM NAMELIST
PER=DIELECTRIC CONSTANT

DO YOU WANT TO CONSTRUCT TAPE3 AND TAPE1S HNAX=NAX TERNMS IN HARMONIC EXPANSION

QF?R ATTNPAK AND CIRCLES? (1=YES,0=NO) EPSLN TIMES MIN. DIAG ELENENT IS LARGEST OFF-DI4G
$PERN
? PER=2.1,NNAX=1$

ATTPLN NAMELIST TAPE15 HAS BEEN CONSTRUCTED

NPLANE= NO. OF ATTENUATION PLANES(MNAY BE 0)

T(1),I=1,NPLANE = FLANE THICKNESS IN CM /

IPLANLE, I=1,NPLANE=NIXTURE INDICIES

WHICH 1S THE ORDER IN WHICH NIXTURES WERE READ

$ATTPLN Note: MMAX=1 is sufficient
74 for coaxes, MMAX=4-6

CONDUCT NAMELIST

ALL DISTANCES IN CM, ANGLES IN DEGREES

NCON=NO. OF COND’S INCLUDING SHIELD
TSHIELD=SHIELD THICKNESS

RADC(I),I=1,NCON ARE COND. RADII

RADD ARE DIELECTRIC RADII

GAP ARE GAP SIZES

THE FIRST ENTRY OF RADC,RADD,GAP REFERS TO SHIELD
MATLBLC(I),I=1,NCON IS THE MATERIAL LABEL INDEX
HATLBLD(D) "

MATLBLF(I) " Note:
WHERE C IS THE CONDUCTOR, D DIEL., F FLASHING,-“”—‘f

AND THE LABEL INDEX CORRESPONDS TO

THE ORDER IN WHICH MIXTURES WERE READ IN ABOVE
MATBAK IS THE BACKGROUND DIELECTRIC INDEX

DFLASH(I),I=1,NCON ARE FLASHING THICKNESSES
RO(I),THET(I),I=1,NCON ARE THE COORDS. OF COND. I

2 TIMES NY 1S THE NO. OF Y PLANES INTERSECTING SHIELD
IPRT=NONZERO GIVES LONG PRINT

$CONDUCT
NCON=2,R0=0,0,NY=10
MATLBLC=1,1,MATLBLD=2,2,MATBAK=2
RADC=.1,.0299

GAP=.005,.001

RADD=.0451,.065

TSHIELD=.01
MATLBLF=3,4,DFLASH=.0002,.0002$

<N WYY w9

TAPE3 HAS BEEN CONSTRUCTED

is sufficient for cable
bundles depending on
degree of assymetry,
EPSLN=0 means no off-
diagonal matrix ele-
ments are discarded
before entering sparse
matrix routines

The flashing modification
is a phenomenological ad-
justment of the interface
current discussed in Refs,
2 and 7.

Figure 3.2 (continued) Terminal printout from MCHELP for a simple coax.

27




EXECUTION INSTRUCTIONS

SHOULD FLUXPAK BE EXECUTED
(1=YES,0=N0)

71

'?Nggixgr Tﬁi Note: These file names
'NANE OF TAPE9 are arbitrary.

? COAX9

SHOULD ATTNPAK BE EXECUTED
(1=YES,0=N0)

T

NANE OF TAPE3

? COAX3 ——=-
NANE OF TAPE?
? COAX9 -
NANE OF TAPE1Q
? COAX10 ——=

SHOULD CIRCLES BE EXECUTED
(1=YES,0=N0)

71

NAME OF TAPE1S

? COAX1S ——-
NAME OF TAPE12

7 COAX12 ——— 1

SHOULD DRIVPAK BE EXECUTED
(1=YES, 0=NO)
71

NANE OF TAPE10
7 COAX10 —=
NANE OF TAPE12
7 COAX12 —=

FILES CONSTRUCTED:
TAPE4A(PERFORM FILE)
TAPES (INPUT FOR FLUXPAK)
TAPE3(INPUT FOR ATTNPAK)
TAPE1S{INPUT FOR CIRCLES)

e ——————

LIST TAPE44 TO SEE NANES ASSIGNED TO DATA FILES
REPLACE TAPES,TAPE3,TAPE1S UNDER THIER NEW NAMES
THEN: PERFORN,TAPEA4

Figure 3,2 (continued) Terminal printout from MCHELP for a simple coax. ] l




: ' GET, TAPES=COAXS

| GET,TAPE8B=NSTAB
GET,BFLUX
BFLUX,TAPE6=QUTPUT
REPLACE, TAPE?=C0AX?
GET, TAPE3=COAXJ

GET, TAPE9=C0AX9
GET,BATTN

BATTN, TAPEA=0UTPUT
REPLACE, TAPE10=COAX10
: GET, TAPE15=C0AX15

4 GET,BCIRCL

3 BCIRCL, TAPE16=0UTPUT
' REPLACE, TAPE12=COAX12
GET, TAPE10=COAX10
GET,TAPE12=C0AX12
GET,TAPE27=DELMAC

GET,BDRIV
BDRIV,TAPE26=0UTPUT
L'
E Figure 3.3 Job file created by MCCABE for the example given in Figure 3.2.

| 29

SN S o




1 FLUXPAK 8/3/77

NO. OF MIXTURES 4

FLUX(CAL/CM25EC) 1.00000E+00
PHI(DEGREES) 0.
PHOTONS/CAL 5.22600E+14
TOTAL NFLUX(/CM2SEC) 5.22600E+14
INDEX/NUMBER FLUX(/CM2SEC)

1 5.23E+14

MIXTURE NO./Z NO./DENSITY/ATOMIC WT.
1 2.90E+401  B.90E+00  4.35E+01

MIXTURE NG./Z NO./DENSITY/ATOMIC WT.
2 B.2BE+00  2.20E+00  1.73E+01

MIXTURE NO./Z NO./DENSITY/ATONIC uT.
3 S5.00E+01  7.20E+00 1.19E+02

MIXTURE NO./Z NO./DENSITY/ATOMIC WT.
4 4.70E+01  1.0SE+01  1.08E+02

1 DRIVPAK 8/3/77

GEOMETRY VARIABLES TRANSFERRED FROM ATTNPAK
NCON= 2

RADC= 1.00E-01 2.99E-02

6AF= 5.00E-03 1.00E-03

RADD= 6.S1E-02 &.50E-02

RO= 0. . 1.00E-07
THET= 0. 0.

MATLBLC= 1 1
MATLRLD= 2 2
MATLELF= 3 4

DFLASH= 2.00E-04 2.00E-04

PHOTON ENERGIES
NE= 1
EPHOT= 5.00E+0t

TOTAL EMITTED CURRENT FROM SHIELD AND EACH CONDUCTOR
ISURF= 8.36E-08 2.40E-08

TOTAL INDUCED CURRENT ON EACH CONDUCTOR DUE TO DEPOSITED CHARGE
IAREA= -2.97E-08

NORTON DRIVER TO EACH CONDUCTOR(SHORT CIRCUIT CURRENT) (A/CM)
I1SC= -5.67E-09

Figure 3.4 MCCABE output for the coax defined in Figure 3.2.




Figure

3.4

1 ATTNFAK 8/3/77

X/Y/X DIR/YDIR/ANGLE/CON NOD.
UNIT LENEGTH

ENERGY BIN/NO. FLUX
-3.12E-02 -9.50E-02
1 2.78E+13

1

1 1.33E+13
-6.61E-02 -7.50E-02
1 1.16E413
6.61E-02 -7.50E-02
1 1.10E+13
-7.60E-02 -6.50E-02
1 1.04E413
7.60E-02 -6.50E-02
1 9.81E+12
-8.35E-02 -5.50E-02
1 9.70E+12
8.35E-02 -5.50€-02
1 9.06E+12
-B.93E-02 -4.50E-02
1 9.20E+12
8.93E-02 -4.50E-02
1 8.55E+12
-9.37E-02 -3.50E-02
1 8.86E+12
9.376-02 -3.50E-02
1 B8.20E+12
-9.68E-02 -2.50E-02
1 B.63E+12
-1.64E-02 -2.50E-02
1 2.02E+13
1.64E-02 -2.50E-02
1 9.90E+12
9.68E-02 -2.50E-02
1t 3.95E¢12
-9.89E-02 -1.50E-02
1 8.49E+12
-2.59E-02 -1.50E-02
1 9.53E+12
2.59E-02 -1.50E-02
1 3.09E412
9.89E-02 -1.50E-02
1 2.59E+12
-9.99¢-02 -5.00E-03
1 B.42E412
-2.95E-02 -5.00E-03
1 8.32E+12
2.959E-02 -5.00E-03
1 2.30E+12
9.99E-02 -5.00E-03
1 2.20E412

3.12E-01
~3 . 12E-01
5.27E-01
-5.27e-01
6.61E-01
-6.41E-01
7.60E-01
-7.40E-01
8.35E-01
-8.35E-01
8.93E-01
-8.93E-01
9.37E-01
=9.372E-01
9.68E-01
-5.49€E-01
5.49E-01
-9.68E-01
9.89E-01
-8.65E-01
8.65E-01
-9.89€-01
9.99E-01
-9.86E-01
9.86E-01

-9.99€-01

9.50E-01

9.50E-01

8.50E-01

8.50E-01

N

.S0E-01

~N

.S0E-01
4.50E-01
6.50E-01
5.50E-01
5.50E-01
4.50E-01
4.50E-01
3.50E-01
3.50E-01
2.50E-01

-8.36E-01

-8.36E-01
2.50E-01
1.50E-01

-5.02E-01

~5.02E-01
1.50E-01
5.00E-02

=1.67E-01
=1.67E-01

5.00E-02

31

1.25E+00
1.89E+00
1.02E+00
2.13E400
8.48E-01
2.29E+00
7.08E-01
2.43E+00
5.82E-01
2.56E+00
4.67E-01
2.67E400
3.58E-01
2.78E+00
2.53E-01
2.15E400
9.90E-01
2.89E+09
1.51E-01
2.62E400
5.26E-01
2.99E+00
5.00E-02
2.97E+00
1.48E-01

3.09E+00

(28]

(5]

r

ra

r

(continued) MCCABE output for the coax defined in Figure 3.2
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1$PHOTON1

FLUX = 1.0,

N =1,

EPHOT = S.08408, 0., 0., O-; Oy Oup Ouy Gy By 0oy 0.y Bay 0oy 0.,

¥ Oy Doy By By Bag Doy Buy Bay sy
By Ouy iy Boy oy Buy By Buy Bog Buy Boy By Bup Doy Bay D

By Wiy By Oug Bay oy Bp By B, Osy
0., 0.,

U 3 1.0, Guy Oup Gop Gup Oay By Oap Uop Gop Bay By Bay Doy B,y

# Gug Oug Gua By Oy By By Boy B,
By Gop Bon s bad B Boe By B0, B By B oo By ey ®
B oy Uuy Ouy oy By Oy By B, €y By,

0.

NHIX = 4,

PHI = 0.,

XKT % Gy

IPRT = 0,

$END

1$MIXTURE

24 2 Z9ER0N, Vuy Oop oy g B o 0 s Vi O B,
Wt 2 1.0, Gy Uy Ouy Oy 8.y oy By Gy Oy

AT = 6.354E401, 0., 0., 0., 0., 0., 0., 0., 0., O.,
DENSITY = 8.9,

1Z08 = 29,

$END
1$KIXTURE

24 e 1.0, 6.0, 7.0, 8.0, 0.y 0oy Ouy Ouy Oy Bo

Wt = 9.41E-03, 5.4091E-01, 1.3082E-01, 2.9884E-01, 0., 0., 0., 0.,
+ 0., 0.,

AT = 1.0, 1.2E401, 1.4E401, 1.6E+01, 0., 0., 0., 0., 0., 0.,
DENSITY = 1.42,

1208 = 905,

SEND

1$MIXTURE

A = 508000, 0., Oy Ouy Doy @y By Uy Gy Oy
T & Nl Wiy By Oy By Oy ey By Goyp By

AT s 076402, 0., 0., Ou, Sy Oup Bep Gy Oey Oy
DENSITY = 7.2,

1206 = S0,

SEND

1$HIXTURE

28 = 4.78401, 0., Oy Ouy 04y 0oy Oy Oy 0oy Doy
ur BP0, Oy Doy Biy By By 0y By 0y Uiy

AT » 1.0796602; Ovs Dy sy Oup Oop Sy Ouy Doy Doy
DENSITY = 1.05E+01,

12086 = 47,

$END

Figure 3.5 (a) Input file, TAPES5, for MCCABE created by MCHELP for a 3-wire
multi-conductor cable.




Figure 3.5 (b) Input file, TAPE3, for MCCABE created by MCHELP for a 3-wire

4 - 5.06-02, 5.0E-02, 5.0E-02, 0., Ouy 0.y 0uy Ouy 0oy 0oy 0oy 0.
4, 0.y 0.y 0oy 0.y 0., 0.y 00y 0oy

B = 1.8E-01,

RH - s 03£-02, 8.032-02, 8.03E-02, 0., 0.y Ouy 0oy 0oy Ouy 0uy 0oy
* Oey Onp By Uy Oup Oup Boy 0oy 0oy

NHAX = 3,

WHAX = 8,

PER = 3.5,

EPSLN = 0,

™ - §.0E+01, 1.8E402, 3.0E402, 0., 0.y Ouy Oup 0oy 0uy Ouy 0oy 00
4, 0., 0., 0.y 0.y 0., 0.y 0oy Ouy

IPRT =0,

$END

Figure 3.5 (c) Input file, TAPE15, for MCCABE created by MCHELP for a 3-wire

1$ATTPLN

NPLANE = 0,

T = 0., 0., 0., 0., 0., 0., 0., 0.
o m U Cer o By B B K 0., 0., 0., 0., 0., 0., 0., 0
::::NLB =0,0,0,0,0000,00,00,0,0029,0,020, 0,0,
1$CONDUCT

RADC

= 1.8E-01, 5.0E-02, 5.0E-02, 5.0E-02, 0., 0., 0., 0., 0., 0., 0
44y 00y 0uy 0.y 0., 0., 0.0 0u, 0.y 0u R e

0.,
RADD = 1.50001E-01, 6.95E-02, 6.95E-02, 6.95E-02, 0., 0., 0
. - . -~ . &~ - - . 0- Ol
¥ g Bey Oag Oug Ous Boy Bey Bup By Doy s S
: 0., 0., 0.,
0 = 0., 8.036-02, 8.03E-02, 8.03E-02, 0., 0., 0., 0., O
.03E-02, 8.03E-02, 0., 0., 0., 0., 0., 0., 0.
5 By Dug Buy Brg ey Boy Doy Bus W Bt T s
0.,
THET = 0., 6.0E+01, 1.8E402, 3.0E402, 0., 0., 0., 0., 0., 0
.BE+02, 3. o By Bl ey g s s B,
fr 0 0y ey 0 00y 01y 04, 0, O ST e
= 5.0E-03, 1.0E-08, 1.0E-08, 1.0E-08, 0., 0., 0., 0., 0., 0., 0
¥y By GOt Bea Wi Mag b Mt s LS e T
0.,
NCON = 4,
TSHIELD = 3.3E-02,
MATLBLE = 1,71,71, 1,0, 0, 0,0, 0, 0,0, 0,0, 0, 0,0, 0, 0,0, 0,0
’
MATLBLD = 2, 2, 2, 2,0, 0, 0, 0, 0, 0, 0, 0,0, 0,0, 0,0, 0, 0,0, 0
’
NY =10,
NATBAK = ¢,

MATLBLF =3,4,4,4,
DFLASH=442 -4,
IPRT =0,

$END

multi-conductor cable.

1$NANE

multiconductor cable.
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1 CIRCLES 8/3/77

HINIMUN D'ITAGONAL 1.24996E-01

CAPACITANCE MATRIX(F/CHM)

1 1 .33434E-12
.80652E-13
.80652E-13
B0652E-13
.33434E-12
.B0452E-13
.80652E-13
.B0652E-13
1.33434E-12

Ly — LN L —

2
3
1
2
3
1
2
3

NP Y =

1 DRIVPAK 8/3/77

GEOMETRY VARIABLES TRANSFERRED FROM ATTNPAK
NCON= 4

kADC= 1.80E-01 5.00E-02 5.00E-02 5.00E~-02
GAP= 5.00E-03 1.00E-08 1.00E-08 1.00E-08
RADD= 1.50E-01 6.95E-02 4.95E-02 4.95E-02

RO= 0. 8.03E-02 B8.03E-02 8.03E-02
THET= 0. 6.00E+01 1.80E+02 3.00E+02
MATLBLC= 1 1 1 1
MATLBLD= 2 2 2 2
MATLELF= 3 4 4 4

DFLASH= 2.00E-04 2.00E-04 2.00E-04 2.00E-04

PHOTON ENERGIES
NE= 1
EFHOT= 5.00E+01

TOTAL EMITTED CURRENT FROM SHIELD AND EACH CONDUCTOR
ISURF= 6.34E-~08 1.38E-08 2.20E-08 1.38E-08

TOTAL INDUCED CURRENT ON EACH CONDUCTOR DUE TO DEPOSITED CHARGE
IAREA= -1.73E-08 -2.99E-08 -1.73E-08

NORTON DRIVER TO EACH CONDUCTOR(SHORT CIRCUIT CURRENT) (A/CM)
ISC= -3.44E-09 -7.89E-09 -3.44E-09

Figure 3.6 MCCABE output for the three-wire problem defined in Figure 3.5.
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APPENDIX A
REVIEW OF POTENTIAL THEORY

Consider a set of N+1 parallel conductors, the first of which is grounded, separated
by a various homogeneous dielectrics. A volume charge density p(;) is deposited in the

-
dielectric at the points r”. The potential ¢, the solution of Poisson's equation, and the

i Green function G satisfy the following: ¢, G, K; %% and K; %g-are continuous, G=0 on the
3
g conductor boundaries, and
|
- ->

20 o) 2 §(r - r°)
: Vereotr s WG = . (A.1)
: or or

where €°K¥ is the dielectric constant at the point ;. From Green's theorem,
2 2 2 Ex L) 3¢
fd r <¢v K2G - KxGV ¢> —fds (¢8n K26 - K>G 3n> (A.2)

we obtain a representation for ¢,

! 3 P N+1 3G(T,r)
6@ =& @G D) ¥ v, fis ke —d—, @)
o fe1 j j rj anj

where V, is the potential of the jth conductor. The normal ;j at the surface whose in-
cremental line element is ds,, is directed out of the dielectric volume. A second ap-
plication of Green's theorem (with G replacing ¢ in Eq. (A.2)) establishes a symmetry of
G,

G(re”) = G(r°T). (A.4)

The induced charge on conductor i is
Q = ¢ fds K> l
i o i r, ani |

2o sray OGS |
eofdsil(;i /:i r’p(r”) 3“1 (r’r) |

l&’
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N

2 9 9 o

st V,fds. —— K fds, = k> G(T,r,) . (A.5)
¢} = 4 i ani r, j anj rj g

We proceed to simplify the interpretation of Eq. (A.5). First we define the capacitance

matrix

> >

15 e 2
kyy = - el fdsi ol fdsj X%, ony o Fp. (A.6)

Next, considered Eq. (A.3) with p = 0, and with all conductors grounded except con-
ductor i which has unit potential. The potential at the point ;‘, which we now call

wi(?‘), satisfies

oy 3. !;_ é___ > >
wi(r B> € dSi K;, on, G(riro)' Had)
o i el
This can be inserted into Eq.(A.5) and we have
e @, @y + 3 kv (.8)
Qi e rp(r Wi r j=1 ij J.o .

The first term represents the induced charge, the second the capacitive charge, for the

elemental length of cable.
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APPENDIX B:
EXPLICIT EXPRESSIONS INVOLVED IN LAPLACE SOLUTION

The vectors ; =r, ¢ and 3 =p have the shield center as origin; ; is an arbi-

6
5 I
trary point at which the potential is evaluated, ;i is the location of the ith conductor's

center with respect to the origin. Define

2
i . - 2 rp, cos (¢—91),

2 2
T=r" + by - 2rpi cos (¢-ei),

rsin¢ - pi sinei

U = arctan
rcos¢ - pi cosei

Then

in S/T, n=0

nl
2 il cos (nU) A
o T\/T sin (nU)

Vin(r) *

; 23 A A a; m lcos ([m~n”] ei - m¢)
ity E'< ) % 2 E;. ~sin ([m-n~] ¢i - m¢)

> > > ->
Replacing r - Py and p, -~ pi.,in S, T and U above, we have for A

”

i insi’n

where n=0, n”=0

B

2 2
[} pi

A

in,i°n” = 934~ 10

where n>0, n”=0,




i

> © (o e o n |-cos ([nl—n] ei-niei,)
A =Ly = 1) (iiZ i
fnaEint 2 £ n, \n 2 Ch sin ([nl-n] 8, - niei,)

n | cos (nU)

sin (nU) 3

and where n”>0,

A\ /2. ol n” cos ([ntn”] U), sin ([ntn”] U)
. i a - 611,)(1 + éno) -n e b el
in,i’n” 2n n J\/T VT sin ([n+n”] U), —cos ([nn”] U)

cos ([m-n"] ei, - [m-n] ei), -sin ([m-n~"] Bi, - [m-n] ei)

X

sin ([m-n"] ei, - [m-n] 91), cos ([m-n"] ei, - [m-n] ei)

The coefficient (‘:‘) is defined as

0 , n<0
(a) wll , n=0

n
a(o=1) (a=2) . o o (a=[n=1]) , 050

n!
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